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Abstract
Searches for spontaneous R-parity violating signals at centre-of-mass energies from
192 GeV to 202 GeV have been performed using the 1999 DELPHI data, under the
assumption of R-parity breaking in the third lepton family. The expected topology
for the decay of a pair of charginos into two acoplanar taus plus missing energy was
investigated and no evidence for a signal was found. The results were combined
with previous data and used to derive a limit on the chargino mass and to constrain
allowed domains of the MSSM parameter space.
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1 Introduction
This paper describes the search for spontaneous R-parity violation based on a 219 pb−1
data collected by DELPHI at centre-of-mass energies from 192GeV to 202GeV. The
results reported here update those obtained in an previous analysis limited to the 183GeV
and 189GeV runs [1]. In this section we describe briefly the theoretical model. In section 2
the data samples are discussed. The analysis is described in section 3. Section 4 and 5
present the 1999 and the combined results, respectively. The conclusions are presented
on section 6.
1.1 Spontaneous R-parity Violation
R-parity is a discrete symmetry defined as Rp = (−1)3B+L+2S , where B is the baryon
number, L is the lepton number and S is the particle spin. In the Minimal Supersymmetric
Standard Model (MSSM) the R-parity symmetry is assumed to be conserved [2]. Under
this assumption the supersymmetric (SUSY) particles must be produced in pairs, every
SUSY particle decays into another SUSY particle and the lightest of them is absolutely
stable. These assumptions underly most of the experimental searches for supersymmetric
states. However, neither gauge invariance nor supersymmetry require the conservation of
R-parity.
While R-parity violation may be explicit, an alternative supersymmetric scenario is to
consider the R-parity as an exact Lagrangian symmetry, broken spontaneously through
the Higgs mechanism [3]. This may take place via non-zero vacuum expectation values for
scalar neutrinos. If the spontaneous R-parity violation occurs in the absence of any addi-
tional gauge symmetry, it leads to the existence of a physical massless Nambu-Goldstone
boson, called Majoron (J) [4]. In this case, the lightest supersymmetric particle is the
Majoron, which remains massless and therefore stable.
The R-parity breaking was introduced only in the third family, since the largest
Yukawa couplings are those of the third generation. In that case the R-parity break-
ing is effectively parametrised by a bilinear superpotential term , defined in [1]. This
effective parameter leads to the R-parity violating gauge couplings and contributes to the
mixing between the charged (neutral) leptons and the charginos (neutralinos), as can be
seen from the fermion mass matrices in [5].
1.2 Chargino Decay Modes
At LEP2 the chargino can be pair produced from e+e− via exchange of γ, Z or ν˜. In the
present analysis it is assumed that all sfermions are sufficiently heavy (Mν˜ ≥ 300GeV/c2)
not to influence the chargino production or decay. Therefore, only the γ and Z s-channels
contribute to the chargino cross-section. In the spontaneous R-parity violation model
with R-parity breaking in the third generation, the lightest chargino (χ˜±) can undergo
the following decay modes:
χ˜± → χ˜0W± → χ˜0qq¯′, χ˜0l±i νi , (1)
χ˜± → ντW± → ντqq¯′, ντ l±i νi , (2)
χ˜± → τ±J . (3)
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Both the two-body decay (3) and the decay with a neutralino in the final state (1) are R-
parity conserving, while in equation (2) the chargino decays through an R-parity violating
vertex. The decay branching ratios depend strongly on the effective R-parity violation
parameter (), as can be observed in Figure 1. Note that in a large range of  the new
two-body decay mode with a Majoron in the final state is the dominant channel and,
since it is R-parity conserving, it can be large.
1.3 Parameter Values
All the results discussed in the following sections were obtained assuming that the lightest
chargino decays mainly via the two body decay mode, described in equation (3). As was al-
ready mentioned, all sfermions are considered to be sufficiently heavy (Mν˜ ≥ 300GeV/c2)
not to influence the chargino production or decay. Typical ranges of values for the SUSY
parameters µ ≡ h0〈Φ〉 and M2 are assumed:
−200 GeV/c2 ≤ µ ≤ 200 GeV/c2 (4)
40 GeV/c2 ≤ M2 ≤ 400 GeV/c2 , (5)
which can be covered by the chargino production at LEP. Also assumed are the GUT
relation M1/M2 = 5/3 tan
2 θW and that tanβ (= vu/vd) lies in the range
2 ≤ tanβ ≤ 40 . (6)
2 Detector and Data Samples
In 1999 the DELPHI detector collected a total integrated luminosity of 219 pb−1, with√
s ' 192, 196, 200 and 202GeV. The integrated luminosity corresponding to each centre-
of-mass energy is showed in table 1.
The DELPHI detector and its performance are described in [6]. The different compo-
nents of the tracking system, the eletromagnetic and hadronic calorimeters and the muon
drift chambers were relevant to this analysis. Also relevant were the 40◦ and 90◦ taggers, a
series of scintillators counters covering detector regions with a weak calorimeter coverage.
To evaluate background contaminations, different contributions from the Standard
Model processes were considered. The background processes Z/γ → qq¯(γ) was generated
using the PYTHIA [7] generator, while the events Z/γ → τ+τ−(γ), µ+µ−(γ) were pro-
duced with KORALZ [8] and DYMU3 [9] respectively. Four-fermion final states were
generated with EXCALIBUR [10] and GRC4F [11]. The generator BABAMC [12] was
used for the Bhabha scattering. Two-photon interactions leading to leptonic and hadronic
final states were produced by the BDK [13] and TWOGAM [14] programs, respectively.
All the background events were passed through a detailed detector response simulation
(DELSIM) and reconstructed as the real data [6].
2.1 Signal Simulation
The program RP-generator II, described in reference [15], was used to calculate charginos
masses, production cross-sections and decay branching ratios. Chargino pair production
was considered for different values of the R-parity violation parameter () and at several
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Table 1: Integrated luminosity collected by the DELPHI detector in 1999.
points of the MSSM parameter space (tanβ, µ, M2). In order to have a better grid in this
parameter space, a faster simulation program SGV1 was used for the signal simulation.
A comparison between SGV and DELSIM was performed and the selection efficiencies2
were corrected accordingly. To perform this comparison ten chargino mass points, with
1000 events each, where simulated by DELSIM and SGV at
√
s ' 196GeV and 200GeV.
The selection efficiencies of both generators were compared and a correction factor of
about 0.92 was found, as showed in Figure 2. In this comparison the selection criteria
using the 40◦ and 90◦ taggers were not applied. In addition, the SGV program does not
simulate the DELPHI taggers and a correction on its selection efficiency is needed. A
study performed using DELSIM shows that if the taggers are used in the signal selection,
97% of the events pass this criteria, as can be observed in Figure 3. As a result, a total
correction factor of 0.89 has to be applied on the detection efficiency obtained with SGV,
to be compatible with DELSIM.
3 Chargino Searches from
√
s ' 192GeV to 202GeV
R-parity spontaneous breaking allows the chargino to decay through an R-parity con-
serving vertex into τ±J pairs. Due to the undetectable Majoron, such events have the
topology of two acoplanar taus plus missing energy. Events were preselected requiring
well reconstructed charged and neutral particles and a total momentum transverse to the
beam axis greater than 4GeV/c.
Charged particles were considered if they had a momentum between 1GeV/c and the
beam momentum and a polar angle between 30◦ and 150◦. The charged particles in the
event were then divided in two clusters. Neutral particles were added to the clusters such
that the invariant mass remains below 5.5GeV and those which could not be added to
either of the two groups were considered as isolated. Events containing two clusters of
charged and neutral particles, each cluster with invariant mass below 5.5GeV/c2 and with
an acoplanarity3 above 5◦ were selected.
The radiative return to the Z background was reduced by demanding no isolated
photons in the event. To reduce the γγ background the momentum of each of the two
1The program “Simulation a Grande Vitesse” (SGV) is described in
http://delphiwww.cern.ch/˜berggren/sgv.html
2The efficiency of the chargino selection is defined as the number of events satisfying the applied cuts
divided by the total number of generated chargino events.
3The acoplanarity is defined as the complemental of the angle between the clusters when projected
onto the plane perpendicular to the beam.
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particle clusters had to be above 5GeV/c and the total momentum transverse to the
beam axis had to be greater than 11GeV/c. The µ+µ−(γ) background was reduced by
requiring a cluster momentum below 55GeV/c. Events from WW processes were avoided
by requiring that the momentum of the most energetic particle was below 23GeV/c. It
was further required that all events had an acoplanarity between 10◦ and 176◦, the angle
between the missing momentum and the beam axis greater than 35◦ and no signal in the
40◦ or 90◦ taggers.
If one cluster had a momentum above 10GeV/c and the acoplanarity was less than 15◦
it was also required that the value of the effective centre-of-mass energy after an initial
state radiation (
√
s′) [16] did not fall in the region between 90GeV and 94GeV. For an
acoplanarity above 15◦, the angle between the missing momentum and the beam axis was
required to be greater than 40◦. These cuts reject mainly WW and τ+τ−(γ) events.
Tables 2 - 5 show the number of candidates, expected backgrounds and the signal
detection efficiency after each selection criteria. The efficiencies reported on those table
are corrected for the taggers effect, but not from the SGV/DELSIM difference.
An example of the agreement between data and simulated background events is shown
on Figure 4. These events were selected by requiring at least two clusters of well recon-
structed charged and neutral particles and an acoplanarity above 5◦. Figure 5 shows event
displays of two selected candidates at centre-of-mass energies of 196GeV and 200GeV.
4 Obtained Results with 1999 Data
A total of 25 candidates of χ˜± → τ± + J were selected at √s between 192GeV and
202GeV, with a total background estimation of 28.8± 1.2. Table 6 shows the number of
accepted events in the data, together with the predicted number of events from background
sources. The systematic and statistical errors on the simulated background calculation
are negligible compared to the experimental statistical accuracy.
The corrected signal detection efficiency as a function of the chargino mass is showed
on Figure 6 for each centre-of-mass energy.
The results were interpreted assuming the chargino decays exclusively to τ±J , with a
sneutrino mass above 300GeV/c2. No evidence for R-parity spontaneously breaking was
observed and the standard formula [17] was used to derive 95% confidence level limits. An
upper limit on the chargino production cross-section of 0.21 pb and a lower limit on the
chargino mass of 100.9GeV/c2 were obtained. These results were combined with previous
data, as described in Section 5.
5 Combined Results from
√
s ' 183GeV to 202GeV
The search for R-parity violating signals using a data sample of about 211 pb−1 collected
by DELPHI during 1997 and 1998 at centre-of-mass energies of 183GeV and 189GeV
resulted in 15 candidates with 15.9 ± 0.6 expected from SM processes. This allowed to
set an upper limit on the chargino production cross-section of 0.30 pb and a lower limit
on the chargino mass of 94.3GeV/c2, as described in [1].
Combining all the data collected by DELPHI from 1997 to 1999, in a total of 430 pb−1,
40 candidates with 44.7±1.4 expected from the SM processes were obtained. The standard
formula [17] was used to obtain a maximum allowed cross-section of 0.14 pb and a lower
4
γγ WW-like ZZ-like Z/γ Bhabha Total Bck. Data signal
Initial Sample 268.24 31.75 8.78 151.85 1260.67 1721.29 1920. 53.0%
2 clusters and Θacop > 5
◦ 164.81 25.05 5.46 36.55 41.78 273.65 277. 50.2%
Emiss > 0.5
√
s 108.68 16.16 2.43 13.02 1.83 142.12 127. 49.3%
Ntracks < 7 88.30 15.52 1.75 10.48 1.80 117.85 108. 49.2%
No isolated photons 87.66 14.96 1.63 8.07 1.32 113.64 106. 48.6%
5GeV/c< Pcluster < 55GeV/c 22.86 11.25 .99 6.31 1.11 42.52 41. 44.4%
PT > 11GeV/c 8.81 10.25 .65 5.16 .88 25.75 24. 39.3%
Pmost energetic part. < 23GeV/c 7.67 2.54 .44 4.01 .52 15.18 19. 31.5%
10◦ < Θacop < 176
◦ 5.80 2.09 .26 1.68 .18 10.01 13. 27.5%
ΘPmiss > 35
◦ .86 1.88 .10 1.10 .06 4.00 5. 24.5%
No signal in the 40◦ and 90◦ taggers .69 1.80 .10 1.05 .06 3.70 4. 23.7%
Pcluster >10GeV/c and Θacop < 15
◦ .27 .06 .01 .36 .00 .70 0. 0.6%
Pcluster >10GeV/c and Θacop > 15
◦ .37 1.64 .06 .48 .03 2.58 4. 22.5%














































































































γγ WW-like ZZ-like Z/γ Bhabha Total Bck. Data signal
Initial Sample 813.92 96.05 26.52 452.02 3813.66 5202.17 5356. 53.6%
2 clusters and Θacop > 5
◦ 500.27 77.01 16.52 111.97 126.63 832.40 810. 50.4%
Emiss > 0.5
√
s 329.70 48.43 7.32 37.03 5.31 427.29 401. 49.3%
Ntracks < 7 267.45 46.70 5.24 30.11 5.22 354.72 358. 49.2%
No isolated photons 265.52 44.91 4.94 22.89 3.70 341.96 345. 48.7%
5GeV/c< Pcluster < 55GeV/c 69.20 32.87 3.00 18.20 2.96 126.23 145. 44.1%
PT > 11GeV/c 26.70 30.35 2.01 14.59 2.23 75.88 80. 39.3%
Pmost energetic part. < 23GeV/c 23.26 8.34 1.37 11.17 1.58 45.72 42. 31.7%
10◦ < Θacop < 176
◦ 17.57 7.19 .80 4.50 .76 30.82 27. 27.8%
ΘPmiss > 35
◦ 2.58 6.56 .32 2.89 .22 12.57 12. 24.8%
No signal in the 40◦ and 90◦ taggers 2.09 6.24 .28 2.72 .22 11.55 9. 24.1%
Pcluster > 10GeV/c and Θacop < 15
◦ .82 .31 .04 .39 .00 1.56 1. 0.7%
Pcluster > 10GeV/c and Θacop > 15
◦ 1.11 5.52 .20 1.84 .09 8.76 7. 22.5%














































































































γγ WW-like ZZ-like Z/γ Bhabha Total Bck. Data signal
Initial Sample 837.86 98.88 27.31 437.07 3723.09 5124.21 5746. 54.7%
2 clusters and Θacop > 5
◦ 520.45 79.07 16.88 105.36 124.65 846.41 832. 51.3%
Emiss > 0.5
√
s 352.01 49.86 7.38 36.72 6.34 452.31 436. 50.0%
Ntracks < 7 289.30 48.05 5.28 29.67 6.34 378.64 384. 49.9%
No isolated photons 287.35 46.02 5.00 22.95 5.67 366.99 369. 49.3%
5GeV/c< Pcluster < 55GeV/c 74.28 32.37 3.05 17.35 4.21 131.26 125. 44.2%
PT > 11GeV/c 26.69 29.78 2.00 14.01 3.57 76.05 74. 39.5%
Pmost energetic part. < 23GeV/c 23.09 8.15 1.36 11.27 1.84 45.71 50. 31.8%
10◦ < Θacop < 176
◦ 18.47 6.48 .85 3.92 .39 30.11 30. 27.8%
ΘPmiss > 35
◦ 2.71 5.88 .35 2.31 .00 11.25 11. 24.9%
No signal in the 40◦ and 90◦ taggers 2.71 5.64 .31 2.14 .00 10.80 10. 24.2%
Pcluster > 10GeV/c and Θacop < 15
◦ .49 .19 .04 .42 .00 1.14 3. 0.6%
Pcluster > 10GeV/c and Θacop > 15
◦ 2.03 5.14 .20 1.52 .00 8.89 7. 22.7%














































































































γγ WW-like ZZ-like Z/γ Bhabha Total Bg. Data signal
Initial Sample 435.90 51.44 14.22 227.40 1936.95 2665.91 2729. 55.6%
2 clusters and Θacop > 5
◦ 270.77 41.13 8.79 54.82 64.85 440.36 421. 51.5%
Emiss > 0.5
√
s 183.14 25.94 3.83 19.10 3.30 235.31 213. 50.3%
Ntracks < 7 150.51 24.99 2.74 15.43 3.30 196.97 189. 50.3%
No isolated photons 149.50 23.95 2.58 11.94 2.95 190.92 183. 49.8%
5GeV/c< Pcluster < 55GeV/c 38.64 16.84 1.57 9.03 2.19 68.27 70. 44.8%
PT > 11GeV/c 13.89 15.49 1.04 7.29 1.86 39.57 38. 39.7%
Pmost energetic part. < 23GeV/c 12.02 4.23 .71 5.86 .96 23.78 26. 31.4%
10◦ < Θacop < 176
◦ 9.61 3.38 .43 2.03 .21 15.66 18. 27.6%
ΘPmiss > 35
◦ 1.42 3.06 .18 1.20 .00 5.86 5. 24.9%
No signal in the 40◦ and 90◦ taggers 1.42 2.93 .16 1.11 .00 5.62 4. 24.2%
Pcluster > 10GeV/c and Θacop < 15
◦ .25 .10 .02 .22 .00 .59 1. 0.5%
Pcluster > 10GeV/c and Θacop > 15
◦ 1.06 2.66 .11 .79 .00 4.62 2. 22.7%















































































































s (GeV) Data Expected Background
192 4 3.3 ± 0.3
196 8 10.3 ± 0.8
200 10 10.0 ± 0.8
202 3 5.2 ± 0.4
all energies 25 28.8 ± 1.2
Table 6: Observed events and expected backgrounds for centre-of-mass energy from
192GeV to 202GeV.
limit on the chargino mass of 100.9GeV/c2, at 95% confidence level. This is shown in
Figure 7.
The excluded domains of the (µ,M2) parameter space for tan β = 2 and tan β = 40 at√
s ' 202GeV are shown in Figure 8.
6 Conclusion
Searches for spontaneous R-parity violating signals using a data sample of about 219 pb−1
collected by the DELPHI detector during 1999 at centre-of-mass energies from 192GeV
to 202GeV was performed. In the present analysis it was assumed that the R-parity
breaking occurs in the third generation and, as a consequence, the lightest chargino decays
mainly through the two-body decay mode χ˜± → τ±+J , assuming a sneutrino mass above
300GeV/c2. The results were combined with previous results obtainded on the analysis
of DELPHI data collected at centre-of-mass energies of 183GeV and 189GeV.
With a total of 430 pb−1 data collected during 1997, 1998 and 1999, 40 χ˜± → τ± + J
candidates were selected, with 44.7 ± 1.4 expected from SM processes. No evidence
for spontaneous R-parity breaking has been observed. This allowed an upper limit on
the chargino production cross-section of 0.14 pb and a lower limit on the chargino mass
of 100.9GeV/c2 to be obtained at 95% confidence level. The limits obtained with the
present search substantially extends the general LEP1 limit [18] and the result presented
in [1].
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io χ+ → τ+Jχ+ → χ0W+
χ+ → νW+
Figure 1: Chargino decay branching ratios as a function of the effective R-parity violation
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Figure 2: Selection efficiency ratio between signal events simulated by DELSIM and SGV
(without the cut using the 40◦ and 90◦ taggers). The dashed line shows the average value
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Figure 3: Ratio between the selection efficiencies for the DELSIM simulated events before
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Figure 4: Distribution of (a) number of clusters in the event, (b) missing energy, (c)
cluster momentum and (d) acoplanarity, requiring that the events had at least two clusters
of well reconstructed neutral and charged particles and an acoplanarity above 5◦. The
points with error bars show the real data, while the white histograms show the total
simulated background. The distributions corresponding to the γγ background are shown
as dark histograms, while the Bhabha and Z/γ simulated events are shown as hatched
histograms. An example of the two body decay mode χ˜± → τ± + J behaviour for
tan β = 2, µ = 100GeV/c2 and M2 = 400GeV/c
2 is shown in the inserts for each
plot.
13
Figure 5: Example of event displays of two selected candidates at
√
s ' 196GeV (top)
and
√




































































DELPHI at √s¬ = 202GeV
Figure 6: Chargino detection efficiency as a function of the chargino mass for
√
s '
192GeV, 196GeV, 200GeV and 202GeV, considering only the two body decay mode
χ˜± → τ± + J . The bands correspond to the effect of generating points with different
MSSM parameters M2 and µ, which have been varied in the ranges 40 GeV/c
2 ≤ M2 ≤




















DELPHI at √s¬ = 202GeV
Figure 7: Expected e+e− → χ˜+χ˜− cross-section at 202GeV (dots) as a function of
chargino mass, assuming a heavy sneutrino (Mν˜ ≥ 300GeV/c2). The dots corre-
spond to the generating points at different chargino masses for the MSSM parame-
ters ranges: 40 GeV/c2 ≤ M2 ≤ 400 GeV/c2, −200 GeV/c2 ≤ µ ≤ 200 GeV/c2 and
2 ≤ tan β ≤ 40. Assuming the chargino decays to τ±J , the maximum allowed chargino












































Figure 8: Excluded regions in µ, M2 parameter space at 95% confidence level for (a)
tan β = 2 and (b) tan β = 40, assuming Mν˜ ≥ 300GeV/c2. The exclusion area obtained
with the χ˜± → τ±J search is shown in dark grey and the corresponding area excluded by
the LEP1 data [18] is shown in light grey.
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